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Abstract
Background: Physical activity (PA) in children has declined in recent decades, highlighting the need for effective
intervention programs for school-aged children. The main objective of this study was to assess to what extent PA
during and after school hours changed among children who received a progressive two-year long intervention vs.
that of children who only received general curriculum-based PA.
Methods: A cluster randomized intervention study was conducted and six elementary schools randomly assigned
to serve as control- or intervention schools. All children attending second grade (mean age = 7.4 years - born in
1999) were invited to participate in the fall of 2006 (N = 320, 82% participated), again in 2007 (midpoint) and 2008
(end of intervention). The intervention consisted of multi-component PA-intervention during school hours and was
conducted by teachers at each intervention school. PA was assessed by means of accelerometers and subjectively
at the intervention schools via teachers’ PA log-books.
Results: There was no difference in PA intensity (minutes of moderate-to-vigorous physical activity - min of MVPA)
between the two study groups at baseline, but children in the intervention schools were more physically active at
moderate-to-vigorous intensity compared to those in control schools after one year of intervention (mean
difference of MVPAlog-minutes: 0.61, 95%CI: 0.02, 1.20, p = 0.04). Moreover, the model for minutes of MVPA during
school hours, showed a significant three-way interaction between time at mid-point, group and gender (mean
difference of MVPAlog-minutes: 1.06, 95%CI: 0.15, 1.97, p = .02), indicating a significantly greater increase among the
boys in the intervention schools compared to girls. No difference in PA was detected between the study groups at
the end of the study period after two years of intervention.
Conclusions: The results suggest that the objective of increasing PA at school was met after one year of
intervention, and it was more pronounced among boys. The lack of increase at the end of the study period
suggested that any increase in PA during school may highly depend on both motivation and training of general
teachers. Boys may respond better to PA interventions such as the one described in this study.
Background
A vast amount of research has confirmed that physical
inactivity is an important factor in the causal mechan-
isms of major chronic diseases such as obesity, cardio-
vascular diseases, diabetes, and more [1]. In light of
these negative health effects of an inactive lifestyle it is
alarming to find information which indicates a decline
in children’s physical activity in recent decades [2].
Secular trends of physical activity patterns in Icelandic
children are scarce, but results from a cohort of 9 and
15-year old children showed that only a small propor-
tion of students at this age reached the recommended
physical activity guidelines [3]. Consequently, this high-
lights the need for effective intervention programs that
focus on increasing both the amount and intensity of
physical activity related behavior among school-aged
children. This need is even more evident in light of the
progression and prevalence of overweight and obesity
among Icelandic children in recent years [4].
Schools are generally considered ideal settings for the
promotion of physical activity and healthy lifestyle for
several reasons, such as the ease of repeated access to a
large number of children, the somewhat controlled
environment of the school, and the general lack of cost
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school-based physical activity intervention studies show
somewhat disappointing results [7,8]. These reviews
highlight the need for studies of high methodological
quality. Common weaknesses in school-based interven-
tions studies involve a lack of objective measures of phy-
sical activity, the quality of physical activity administered
and lack of statistical power to detect differences. The
majority of school-based physical activity interventions
carried out to date have relied on self-reported physical
activity. This may have caused differential misclassifica-
tion in levels of physical activity introduced by social
desirability bias, which can be induced by the interven-
tion itself [9]. However, there are intervention studies
that measured children’s and adolescents’ physical activ-
ity with objective instruments such as accelerometers
[10-15] but they show inconsistent results. A recent
study reported a highly effect intervention-program
among elementary school children which relied on a
multi-component physical activity program, including
re-structuring three physical education lessons each
week and adding two extra lessons a week, daily short
activity breaks, and physical activity homework [15].
Despite being a very promising study it may prove diffi-
cult for an intervention of this sort to become wide-
spread because of the cost to schools which must
allocate more of their resources and time to provide stu-
dents with two extra PE lessons per week.
Due to the potential influence of local environmental
factors, culture and educational setting on any school-
b a s e di n t e r v e n t i o np r o g r a m ,i ti si m p o r t a n tt ob u i l da n
evidence base within each country. In Iceland, no study
of this kind has been conducted to date. It is thus
important to provide knowledge to this field that is
applicable to local circumstances.
The research question asked in this study was how
much a two-year progressive teacher-led physical activ-
ity intervention could affect physical activity during
school hours and physical activity after school hours
among 7-year Icelandic children. Thus, the objectives of
this study were to compare changes in volume and
intensity of physical activity among the group of inter-
vention children to physical activity levels of children
who only received general curriculum-based physical
activity (controls) and further, to assess whether the
intervention effect on physical activity was modified by
gender or BMI?
Methods
Study Design and Participants
Eight months before the baseline measurements three
pairs of schools in the city of Reykjavik were selected
and matched on size, i.e. number of students and total
number of grades. Thus, four large schools with grades
o n et ot e na n dt w os c h o o l sw i t ho n l yg r a d e so n et o
seven, with at least 30 students entering the second
grade in 2006 were sent letters of participation, which
they all accepted. Then, one of the schools in each pair
was randomly selected to serve as an intervention
school, leaving the other as a control school. All chil-
dren attending second grade (N = 321, born in 1999)
were invited to participate and to hand in a written con-
sent form. Figure 1 shows the flow of participants
through the three measurement sessions of the study.
The intervention started immediately after baseline
measurements. All children in the second grade of the
participating intervention schools received the interven-
tion, regardless of whether they consented to undergo
physical measurements or not. The intervention focused
on two major components of a healthy lifestyle: physical
activity and a healthy diet for all. The latter component
is not described here. The implementation of this study
was approved by The National Bioethics Committee and
the Icelandic Data Protection Commission (VSN
b200605002&03).
The same three PE teachers (all certified PE teachers)
at each intervention school took part in the study
throughout the two-year intervention period. At any
given time a total of eight general teachers implemented
the intervention, three in two of the intervention
schools, but two in the third school.
Background to intervention
The foundation of the school-based physical activity
intervention in this study was built upon the constructs
of social cognitive theory [16]. According to the theory
we may learn new behavior via observational learning of
various social factors and interactions in our environ-
ment. We are likelier to imitate and adopt certain beha-
viors if we observe positive, desired outcomes in the
behavior under examination. We are even likelier to
pursue these behaviors if they are modeled by someone
we know or someone we relate to. Individuals who
repeatedly play the role of such models are teachers,
who often possess important qualities, which they utilize
to positively affect their students’ learning. This process
has been proven useful for understanding the nature of
physical activity by considering a person’s experiences,
behavior skills and the context in which the person is
expected to be active [17].
Intervention objectives and implementation
The primary objective of the physical activity interven-
tion was to progressively increase the amount of physi-
cal activity behavior at school such that all children in
the intervention schools would have the opportunity to
engage in some form of physical activity for a minimum
of 60 minutes during school hours no later than one
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were to have opportunities to engage in physical activity
during PE lessons, recess and also during classes where
physical activity was to be integrated into various sub-
jects on the general curriculum. The primary objective
of the intervention is in line with the current Icelandic
physical activity guidelines, which recommend that chil-
dren partake in Moderate-to-Vigorous Physical Activity
(MVPA) for no less than 60 minutes every day of the
week [18]. The guidelines are built upon evidence that
suggests that at least one hour of MVPA per day pro-
vides desirable health benefits for children and youth
[19].
Our implementation approach was aimed at both
encouraging teachers to perform physical activity with
their students and to build their necessary skills to
become the implementers of change needed to positively
affect the children’s lifestyles. This approach was
intended to serve as the bridge between theory (social
cognitive theory) and intervention effects. The research-
ers provided a platform for a reflective dialogue and dis-
cussion of how these goals could be reached by means
of collaborative effort and support. The foundation of
the collaborative approach harmonizes with the strategy
labeled as professional learning community (PLC). In
brief, PLC is a learning platform promoting collaborative
learning amongst colleagues within the same work
environment. It is commonly defined as the community
in a school where teachers and administrators
continuously seek and share learning and subsequently
act on what they learn [20]. A number of attributes are
present in such a community and the researchers’ goals
were to have the participating teachers and principals all
share the same vision and values whilst working towards
meeting the intervention objectives.
Bimonthly, throughout the intervention period, the
investigators organized a workshop-meeting where all
the involved teachers from each intervention school met
for about 2-3 hours. These meetings had three main
goals. Firstly, to provide an opportunity for the team of
teachers in all three intervention schools to meet and
engage in dialogue with their colleagues about the evol-
vement of the intervention. Secondly, these meetings
were intended to provide teachers with information and
expert consultations on the benefits of both physical
activity and healthy lifestyle via informal lectures on
relevant topics. Thirdly, these meetings were to serve as
platforms where teachers and researchers would collec-
tively work together to overcome various barriers related
to but not limited to the implementation and integration
of physical activity into daily life at each school.
The teachers at the intervention schools were pro-
vided access to physical activity equipment intended to
be used during regular school lessons. This included a
cart with different sized foam, plastic and rubber balls,
different colored vests, and cones. Teaching materials
promoting physical activity, such as books and DVDs on
classroom workouts and cooperative activity games et
Figure 1 Chart describing school and participant flow through the study.
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led by a school-based PE expert was conducted at each
school in the spring of 2007, where teachers learned
innovative approaches to integrating physical activity
into the daily curriculum. Thus, the teachers received
input and ideas as to how they could better utilize avail-
able equipment and the study material in their respec-
tive environments. After the first year of intervention an
additional PE lesson was introduced at the intervention
schools. The PE teachers at each of the intervention
schools carried out this additional lesson, which was
specifically tailored to suit all children while maintaining
a high level of intensity. All six schools that participated
in the study followed the general physical activity curri-
culum, compulsory on the national level, consisting of
two 40-minute PE sessions per week, in addition to two
swimming lessons per week taught over the course of a
six-week period any time during the school year.
Once each semester the investigators formally teamed
up with the principals of the three intervention schools
to discuss the progress of the intervention. During these
meetings the researchers updated the principals on what
had taken place during the previous teacher meetings
and encouraged a continuous on-site dialogue between
the principals and the teachers who implemented the
intervention. In between the meetings described above
the researchers, teachers, and principals of the interven-
tion schools communicated via e-mail or phone.
Physical activity logbook
During the intervention period the teachers at each inter-
vention school kept a log of the estimated amount of
supervised physical activity related behavior they carried
out with their students as a group (an assessment of the
intervention implementation). Thus, they estimated the
number of minutes they engaged in any type of physical
activity during school hours, including PE lessons, swim-
ming lessons, outdoor play/teaching other than recess
time, and active transport during school such as on field
trips. The mean minutes of supervised physical activity/
day at school were calculated for each school.
Group interviews with teachers
To identify important catalysts of and barriers to the
intervention the researchers conducted semi-structured
group interviews in all three intervention schools in the
spring of 2008. All teachers (N = 11) in each school (n
= 4 - 4 - 3) participated and provided input. The tea-
chers reflected on lessons learned throughout the pro-
c e s s ,a n do na n y t h i n gt h a ta f f ected the implementation
of the intervention at the schools. The teachers were
also asked to comment on any changes in factors related
to class discipline, morale, and unity over the course of
the study.
Primary outcome measures
Accelerometers were used (Actigraph™ GT1M moni-
tors) to assess both volume and intensity of physical
activity during waking hours for seven consecutive days,
five weekdays and two weekend days. The sampling
epoch time was 60 s. Measurements were performed
between mid-September and late November pre-inter-
vention in the fall of 2006, in the fall of 2007 and 2008.
Measures were calculated for children that met the inclu-
sion criteria of having worn the accelerometer for at least
85% of the approximately 6-hour long school day and a
total of 10 hours per day, for a minimum of two week-
days. This inclusion criteria allowed some flexibility in
situations such as if children were attending swimming
lessons during school hours or failed to attach it back on
after such a lesson. Several cut-point thresholds for esti-
mating MVPA in children by means of accelerometers
have been proposed [21-25], yet there is no consensus on
where to place these MVPA cut-point values. We defined
MVPA as all activity above 2000 cpm as has been
reported previously [26,27]. This cut-point is comparable
with the one proposed by Evenson et. al [25], which was
recently argued to have the best sensitivity/specificity
ratio compared to several other common cut-offs [28].
Covariates
Gender was recorded and height and weight were mea-
sured to the nearest 1 mm and 0.1 kg with participants
wearing light clothing (t-shirt and underwear). Body
mass index (BMI, kg/m
2) was calculated and the actual
number used as a covariate in the multilevel models.
Data Analysis
We built multilevel regression models using R version
2.11.1 (http://www.r-project.org/) to assess changes in
objectively measured physical activity volume (cpm) and
intensity (MVPA) over time. This method of data analysis
is appropriate wherever data is clustered within groups,
violating the independence of observations assumption
[29]. Repeated measures are one example of such data
structures and in our case the data were also clustered
within schools, implying that data points may be corre-
lated both within students as well as within schools.
Two types of multilevel-regression models were devel-
oped. Firstly, a basic model to assess the intervention
effects on physical activity with participants and schools
treated as random factors and group and time as inde-
pendent variables. Secondly, an adjusted model built
upon the former model but with the addition of gender
and BMI as covariates (two and three way effect-mea-
sure modification was also assessed for time, gender and
BMI but only interactions yielding statistically significant
results were reported in the final models. Thus, these
models estimated the variance of the outcome measures
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within students, random intercepts across students, and
it allowed random intercepts for the six different schools
that participated in the study. The unconditional (no
independent variables - only random factors entered
into the model) three-level models were run to estimate
the total variance at all three levels. The intraclass cor-
relations can be defined according to the proportion of
variance that occurs at each level. The change in var-
iance from the unconditional model to the best condi-
tional (adjusted) model at each level can thus be
presented as the percentage of variance explained at
each particular level.
A priori, the study was powered to detect a medium
effects size (0.25 SD units) of any outcome measure
with 80% probability, using ANCOVA to compare the
post intervention measurements adjusting for baseline,
not taking the clustering within schools into account.
The sample size estimated was 175 children at the end
of the study period. We assumed a participation rate of
75% and due to the length of the study we assumed an
attrition rate of about 20%. Thus all 321 children enter-
ing second grade in 2006 from six schools were offered
the chance to participate in order to provide sufficient
power to test the null hypothesis.
We ran an intention to treat analysis and all partici-
pants were included regardless of how much time they
accumulated in their respective class during the inter-
vention period between the fall of 2006 and fall of 2008.
The multilevel analysis included subjects with missing
data points but imputation was not performed.
Results
A total of 196 children produced usable physical activity
data after the first session in 2006 while 52 children
( 1 6 % )d i dn o tc o n s e n ta n d7 3 children (27%) failed to
meet the accelerometer criteria set forth prior to the
study (described above). Similarly, 224 children yielded
usable data after the session in 2007, 78 new partici-
pants entered the study at that time point, but 50 chil-
dren (25%) were lost to follow up from the year before,
either due to failing to meet accelerometer criteria or
they did not participate in the measurements. At the
end of the study period 239 children produced usable
data, 35 of whom had either not produced usable data
in the year before and entered the study again, or
entered for the first time. However, 20 children (9%)
from the previous year were lost due to their failure to
meet the accelerometer criteria or due to not participat-
ing in the measurements.
Baseline status
Table 1 shows the characteristics of the study popula-
tion at baseline. There was a statistically significant dif-
ference in BMI between the two study groups at
baseline, where children of the control group had higher
mean BMI value (95%CI; 0.08, 1.16) (Table 1.). Data on
socioeconomic status (SES) estimated via questionnaire
in the fall of 2006 and fall of 2008 suggested no differ-
ence between the study groups in median income of the
parents, but only about half of the study population
answered the question.
Physical activity - accelerometers
Two basic models showing the estimated unadjusted
effects of the intervention on physical activity cpm dur-
ing school and minutes of MVPA during school hours
are shown in Table 2. Children in the intervention
schools were significantly more active after one year of
intervention (at the mid-point of the intervention per-
iod) compared to children in the control schools (p >
.0001), but there was no significant difference in either
Table 1 Descriptive statistics for the study sample at baseline
Baseline - 2006
Variables Intervention group Control group
Total (n = 100) Boys (n = 48) Girls (n = 52) Total (n = 96) Boys (n = 39) Girls (n = 57)
Age and body composition median(QD) median(QD) median(QD) median(QD) median(QD) median(QD)
Age (years) 7.3 (0.2) 7.3 (0.3) 7.3 (0.3) 7.4 (0.2) 7.3 (0.2) 7.4 (0.2)
Height (cm)
a 127.6 (5.1) 127.9 (4.9) 127.3 (5.3) 127.2 (5.2) 128.4 (5.1) 126.4 (5.1)
Weight (kg) 25.9 (2.4) 26.2 (2.0) 25.4 (2.7) 26.8 (2.4) 27.5 (2.2) 25.7 (2.4)
BMI 15.8 (1.1) 15.8 (0.9) 15.8 (1.2) 16.3 (1.0) 16.6 (0.7) 16.0 (1.1)
Physical activity - accelerometers median(QD) median(QD) median(QD) median(QD) median(QD) median(QD)
cpm at school
b 721.6 (210.1) 790.8 (201.4) 656.5 (198.6) 655.1 (220.7) 728.8 (177.0) 606.0 (234.4)
MVPA at school (min)
c 36.3 (14.3) 45.2 (16.1) 30.2 (12.6) 32.2 (11.6) 40.7 (9,5) 26.8 (15.3)
MVPA after school (min)
c 29.7 (11.2) 29.7 (12.5) 29.8 (10.5) 31.6 (15.0) 40.8 (12.0) 29.1 (17.3)
amean and standard deviation, not median (QD)
bcpm:counts per minute
cMVPA: moderate-to-vigorous physical activity defined as >2000 accelerometer counts per minute
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ity at the end of the two-year study period. Analogous
models, but adjusted for the effects of gender and BMI,
are shown in Table 3. These models are complemented
by the trajectories depicted in Figure 2 and Figure 3,
which show the true median values in the non-trans-
formed units. The results for the adjusted models were
analogous to those for the basic models and showed sig-
nificant difference in volume of physical activity (cpm)
during school hours (p > .0001) after one year of inter-
vention, but no difference at the end of the two-year
intervention period (p = .61). In addition the adjusted
model showed that boys were more active compared to
girls (p > .0001) and children with higher BMI were less
active than children with lower BMI (p = .01), indepen-
dent of study group and time. The adjusted model for
minutes of MVPA during school hours showed analo-
gous results, but with the addition of a significant three-
way interaction between time at mid-point, group and
gender (p = .02). Thus, the intervention children
accrued significantly more minutes of MVPA during
school hours after one year of intervention (p > .0001)
but the increase was significantly greater in boys com-
pared to girls (p = .02), by about 10 minutes (Figure 2).
Table 2 Physical activity cpm during school hours (square root transformed) is shown as a function of time, group
status, BMI and sex. Repeated measures mixed effects models were built to contrast the two study groups,
intervention vs. control, over time with regard to physical activity during school time, controlling for the clustering of
data structure.
Basic models*
counts per minute(cpmschool) MVPAschool (mins/day)
b CI p-value b CI p-value
Constant 25.25 (22.96, 27.54) >.0001 5.47 (4.57, 6.37) >.0001
Group
a 1.13 (-3.43, 5.70) .53 0.62 (-1.18, 2.42) .39
Time(mid)
b -0.31 (-1.26, 0.64) .52 -0.06 (-0.40, 0.27) .72
Time(post)
b -0.60 (-1.56, 0.36) .22 0.32 (-0.03, 0.67) .07
Time(mid) x Group 3.60 (2.31, 4.89) >.0001 0.98 (0.53, 1.43) >.0001
Time(post) x Group 0.24 (-1.04, 1.53) .71 -0.39 (-0.85, 0.07) 0.1
The constant is the mean square-root cpm during school for the control schools (group = 0), at baseline (time = 0).
a reference: controls
b reference: time at baseline
c reference: girls
Table 3 Minutes of MVPA during school hours (square root transformed) is shown as a function of group status, time,
BMI and sex. Repeated measures mixed effects unconditional vs. conditional models controlling for the clustering of
data structure contrast the two study groups over time with regard to time spent in MVPA during school hours.
Adjusted models*
counts per minute(cpmschool) MVPAschool (mins/day)
b CI p-value b CI p-value
Constant 26.77 (23.67, 29.85) >.0001 5.79 (4.58, 6.99) >.0001
Gender 3.71 (3.06, 4.35) >.0001 1.75 (1.22, 2.28) >.0001
Group 0.76 (-3.31, 4.84) .63 0.79 (-0.93, 2.51) .27
BMI -0.18 (-0.32, -0.04) .01 -0.06 (-0.11, -0.01) .02
Time(mid) -0.21 (-1.15, 0.73) .66 0.07 (-0.34, 0.49) .72
Time(post) -0.36 (-1.32, 0.59) .46 0.42 (-0.02, 0.86) .06
Time(mid) x Group 3.63 (2.35, 4.91) >.0001 0.61 (0.02, 1.20) .04
Time(post) x Group 0.33 (-0.94, 1.60) .61 -0.48 (-1.26, 0.05) .07
Gender x Group -0.74 (-1.47, -0.01) .05
Time(mid) x Gender -0.36 (-1.04, 0.32) .30
Time(post) x Gender -0.11 (-0.83, 0.61) .76
Time(mid) x Group x Gender 1.06 (0.15, 1.97) .02
Time(post) x Group x Gender 0.72 (-0.21, 1.66) .12
The constant represents the mean value for the control group, but only for girls (gender = 0) and those with an average value of BMI
a reference: girls
b reference: controls
c reference: time at baseline
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formed cpm explained 20.6% of the variance existing at
the school level, 24.6% of the variance at the child level,
but less of the within-child variance, or 10.5%. Similarly,
the adjusted model for the square-root-transformed
MVPA during school hours explained 14.1% of the total
variance at the school level, 29% of the variance at the
child level, and mere 6.6% of the within-child variance.
The same types of models (basic and adjusted) were
run to observe possible change in cpm and minute of
MVPA during after-school hours on weekdays over time.
The unadjusted trajectories are depicted in Figure 4 and
Figure 5. The adjusted model for cpm during after-school
hours yielded no significant difference between interven-
tion and control schools at baseline (p = .33), at mid-
point (p = .09) or at the end of the intervention period
(.91). However, boys were more active than girls (p =
.001) during after-school hours and those with higher
BMI were less active (p = .02), independent of study
group and time. Similarly, the adjusted model for the
square-root-transformed minutes of MVPA during after-
school hours showed no significant difference between
t h et w os t u d yg r o u p sa tb a s e l i n e( p=. 5 8 ) ,a tm i d - p o i n t
(p = .59) or at the end of the study period (p = .50). Boys
accrued on average more minutes of MVPA during after-
school hours compared to girls (p > .0001), but there was
no difference in minutes of MVPA during after-school
hours by value of BMI (p = .40), independent of study
group and time. It should be noted that conducting the
analyses above on the original cohort only, excluding
children who had missing values of data at any of the
t h r e et i m ep o i n t s ,y i e l d e dc o m p a r a b l er e s u l t s ,b u tw i t h
power too low to detect some of the significant relation-
ships detected by the models described above.
Physical activity during school hours - subjective
assessment of implementation
The estimated mean minutes of supervised/integrated
physical activity conducted by teachers in each interven-
tion school per day are depicted in Figure 6 (overall
mean, and mean for each school). These results sug-
gested an upward trend in physical activity implementa-
tion conducted during school hours over the course of
the study but with a drop in physical activity implemen-
tation at the end of the study.
Findings listed as key themes that were identified dur-
ing teacher interviews in the spring of 2008, along with
sample quotes from the teachers involved in interven-
tion implementation, are shown in Table 4. Both groups
of teachers were generally positive when evaluating their
experiences during the time they implemented the inter-
vention. Overall they enjoyed the progressive implemen-
tation approach of the intervention allowing time for
on-site trial and error.
Discussion
Results from accelerometers showed children in the
intervention schools being more active compared to
Figure 2 Median cpm during school hours at baseline 2006, fall 2007, and post intervention in 2008 with estimates of the 95% CI
around the median.
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T h ed i f f e r e n c ea tt h a tt i m ep o i n tw a sd r i v e nb yb o y s
in the intervention group, who at that point had
increased their amount of MVPA significantly more
t h a nt h ei n t e r v e n t i o ng i r l s .N og r o u pd i f f e r e n c ew a s
detected at the end of the intervention period a year
later. Boys in both groups were consistently more
active than girls at all three time points, and those
children with higher BMI were less active during
school hours and after school hours, but there was no
Figure 3 Median minutes of MVPA during after-school hours at baseline in 2006, fall 2007, and post intervention in 2008 with
estimates of the 95% CI around the median
Figure 4 Median cpm during school hours at baseline 2006, fall 2007, and post intervention in 2008 with estimates of the 95% CI
around the median.
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after-school hours.
It is important to evaluate the intervention process of
every intervention study conducted before the efficacy
of the program on other biological or social variables is
assessed. Was the intervention conducted as planned,
and if so, to what extent were the objectives met? To
our knowledge no study has used the combination of
methods described herein to assess changes in school-
related physical activity during a two-year school-based
intervention program. It strengthens the results that
there seems to be harmony between both objective
assessment of physical activity and subjective assessment
of physical activity implementation, to the extent that
they can be compared. Both measurements show a para-
bolic curve-shape when the three time points where
Figure 5 Median minutes of MVPA during school hours at baseline in 2006, fall 2007, and post intervention in 2008 with estimates of
the 95% CI around the median.
Figure 6 Subjective estimation from teachers’ physical activity log book of time spent doing physical activity (under teacher’s
supervision) at school following baseline measurements in 2006 until end of intervention period. Each of the intervention schools
started their respective intervention following the baseline-measurements. Data is not shown for September 2006, May 2007 and October 2009
because only one or none of the intervention schools registered physical activity during those months. The dark squares represent the time
during which physical activity was being assessed with accelerometers.
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Page 9 of 13physical activity was objectively assessed are contrasted.
Perhaps these findings are positive because objective
and subjective measurements have often showed incon-
sistent, even contradictory, results, both in observational
and experimental studies [11,30].
The purpose of the extra PE lesson in the second year
of the intervention was to considerably increase the
amount of time where all participating children would
get an opportunity to partake in physical activity of
greater intensity. However, it seems clear that the
increase in number of minutes engaged in MVPA dur-
ing school hours in the fall of 2007 is driven by the
boys being considerably more active at moderate-to-vig-
orous intensity, by on average about 10 minutes during
school hours. These results are somewhat in line with
results from the M-SPAN study, which conducted a
two-year intervention focused on an environmental and
policy-driven approach in middle schools in San Diego
County, California where they did not see positive inter-
vention effects on physical activity in girls [31]. The
authors claimed that challenges were anticipated since
girls are generally less active than boys but the reasons
for these differential effects were nevertheless unclear.
Otherwise, there is little evidence for boys and girls
responding differently to school-based interventions as
well as to different components of the interventions [7].
Our results nonetheless do suggest a future effort be
made to test various gender-specific strategies given the
gender-specific differences in the determinants of physi-
cal activity [32-34] and the results presented here. These
r e s u l t sa r en o n e t h e l e s sd i s appointing because the tea-
chers reported during interviews that they had empha-
sized activities that they intended to be equally suitable
for both genders.
Studies have previously reported conclusive evidence
for gender specific differences concerning the amount of
physical activity performed by children and adolescents
[35-37], which is also confirmed at all time points in
this study. In light of this fact we emphasized the
importance that activities performed during PE and dur-
ing regular class hours would suit boys and girls equally.
None of the classroom teachers (all female) reported
they had experienced gender differences in participation
in the numerous activities performed during the inter-
vention phase when asked specifically about it during
the group interview sessions in the spring of 2008. How-
ever, there are several plausible explanations for this
seemingly different response between the genders. First,
Table 4 Results showing common themes that came up during three semi-structured interviews where benefits,
facilitators and barriers of the intervention implementation were discussed
Teachers
interviewed (N
= 11)
Common themes Sample quotes
General teachers
(n = 8)
Benefits of implementation
￿ Positive attitudes towards PA
￿ Increased PA during school hrs
￿ Changed attitude towards PA among teachers
￿ Calmness in class after intervention activities
￿ Positive effect on student productivity in other
subjects
￿ More unity in class
Facilitators
￿ Satisfaction with training meetings
￿ Satisfaction with on-site counseling
￿ Extra PE lesson
Barriers to implementation
￿ Steep learning curve in the beginning
￿ Competing curriculum demand and specific
subject requirements
￿ The Icelandic winter weather
￿ Teachers must be open to changing their own
habits
“I think that outdoor play is much more natural to them now than it was
when we started the intervention”
“The training meetings were very informative and it was also important to
me to feel like I was part of a team”
“The children are more willing to do work in class after we have gone
outside to play, they seem to be more receptive”
“As a new teacher I can say that this way of integrating PA into the daily
routine at school is something I will continue doing, everyone benefits
from this, the students and I alike.
“In the beginning it was very difficult for me to start thinking outside the
box in order to increase the amount of PA. The objectives looked almost
impossible to achieve in the beginning”
“Sometimes the children came to school not properly dressed. They were
not ready for outdoor activities in rain or snow”
PE teachers (n =
3)
Benefits of implementation
￿ Readiness of all students to partake in PA
￿ Willingness to explore new sports
Facilitators
￿ Extra PE lesson
￿ Positive attitude of school principal
￿ Good collaboration with participating teachers
￿ Positive attitude of teachers
Barriers to implementation
￿ Tightly booked gymnasium facilities and quality of
the school property (one intervention school only)
“There were never any problems with this class. No one forgot to bring
their sports clothing, everyone was always ready to play”
“The extra PE lesson during the latter year was very successful”
“For me it was very enjoyable to collaborate with other teachers. I think the
general teachers also enjoyed seeing their students in a different
environment, such as in the gymnasium”
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haps girls were not as active as boys during recess peri-
ods, when the children were not under surveillance by
their teachers, in the fall of 2007. Another explanation
may partly lie in how differently boys and girls may per-
ceive barriers and facilitators of physical activity. A
recent study of 350 adolescents in Maryland in the US,
showed that when it came to performing physical activ-
ity, adolescent girls were more sensitive to their environ-
ment and perceived more barriers than boys [38]. If this
holds true for younger children then perceived environ-
mental barriers may have contributed to this differential
rate of increase in MVPA during school hours in fall of
2007. It is also worth mentioning that results from
other intervention studies that have used objective mea-
sures to assess MVPA have shown significant increase
in MVPA after and during the intervention, but do not
show differential intervention effects on intensity nor
volume between boys and girls [14,15].
There are several possible explanations for the drop in
school-related physical activity recorded by the teachers
at the end of the study. We believe that the primary rea-
son for this is that only two of the initial eight general
teachers were still part of the study team at that time,
while six of the teachers were either on maternity leave
or had started teaching a different class. The majority of
the new teachers had only received minimal training dur-
ing a mere one meeting prior to the measurements being
conducted in the fall of 2008. Another contributing factor
to this drop could be that the extra PE lesson/week intro-
duced in the fall of 2007 was no longer available to the
children at the intervention schools. This may have sig-
nificantly affected the amount of MVPA the children
received during school hours. The intervention did not
seem to have any effect on physical activity during after-
school hours because no significant difference in volume
(cpm) or intensity (minutes of MVPA) of physical activity
was detected during this time of the day. This seems to
be consistent with what Dobbins et al. concluded in their
review that there is no evidence for positive effects of
school-based physical activity interventions on leisure
time physical activity in children [7].
Some of the strengths related to the implementation of
this intervention are in line with strengths of comparable
intervention studies [14]. First, the results from the tea-
cher interviews during the intervention phase may sug-
gest that empowering the teachers to become effective
implementers of positive change in physical activity dur-
ing school hours may partly explain the increase. Second,
the progressive intervention allowed for the possibility of
on-site trial and error while the implementers slowly
built up their skill set, enabling them to increase school-
based physical activity throughout the school day. Third,
this method respects a teacher’s independence, as it
allows individual teachers to adjust the physical activity-
related activities at their own will. Finally, it is worth
mentioning that the use of accelerometers as an objective
measure of school-based physical activity eliminated the
possibility of self-report bias, and using hierarchical mod-
els to analyze these results is an appropriate technique
taking into account the clustered data structure.
There are methodological limitations to this study that
must be addressed. Measuring school-based physical
activity at the end of each school year, similar to what
was done at the beginning of each school year, would
likely have provided stronger indications of the interven-
tion progression. Thus, while having three objectively
obtained physical activity data points can be viewed as
strength, an additional two in the spring of 2007 and
spring of 2008 would have strengthened our inferential
ability. Despite all the children being a similar age, the
study population was relatively small, thus limiting the
potential to generalize the fin d i n g s .F u r t h e r ,w ec a n n o t
state which specific part of the intervention contributed
more than others to the overall increase in physical
activity during school hours in the fall of 2007, i.e. if it
was the extra PE lesson or integrated physical activity
within the various general school subjects. It has also
recently been pointed out that having the acceler-
ometers record 60 s epoch is likely to have resulted in a
less accurate estimation of physical activity than using
shorter epoch like 15 s [39]. This may have underesti-
mated the amount of MVPA the children performed
during school hours. Finally, the lack of consensus on
where to place accelerometer cut-points defining moder-
ate-to-vigorous physical activity limits our ability to
accurately classify physical activity intensity.
Conclusions
The results suggest that the primary objective of
increasing physical activity during school hours was met
after one year of intervention, although to a varying
degree within the intervention schools and more pro-
nounced among boys. However, no increase in physical
activity was observed at the end of the study period,
suggesting that any increase in physical activity during
school hours may be highly linked to the motivation
and training of general teachers. In general boys are
more active than girls and may even respond better to
school-based intervention compared to girls. Also those
with higher BMI are less active during school-hours.
Designs of school-based interventions should take this
into consideration in order to maximize the effects of
increased physical activity among all children.
Acknowledgements and funding
The authors wish to thank all the participants and their families for giving
their time and energy to undergo all the different measurements conducted
Magnusson et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:138
http://www.ijbnpa.org/content/8/1/138
Page 11 of 13over the course of this study. We would also like to thank the staff at each
of the participating schools for their invaluable assistance during the study,
their hospitality and helpfulness. This work was supported by the Icelandic
Research Fund and the Technology Development Fund administered by
Rannis, the Icelandic Centre for Research.
Author details
1Research Centre for Sport and Health Sciences, School of Education,
University of Iceland, Reykjavik, Iceland.
2Faculty of Teacher Education,
School of Education, University of Iceland, Reykjavik, Iceland.
3Research
Centre for Movement Sciences, School of Health Sciences, University of
Iceland, Reykjavik, Iceland.
Authors’ contributions
KTM carried out the statistical analysis, he contributed to the work involving
the study design and he drafted the manuscript. KTM made the greatest
contribution to this paper. IS contributed to the study design, project
planning, and he was involved in the intervention assessment throughout
the study period. TS participated in the statistical analysis and provided
guidance during the writing process of this paper. EJ was the project leader
and participated in all parts of the work. All authors provided critical revision
of the paper and read the final manuscript. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 22 December 2010 Accepted: 20 December 2011
Published: 20 December 2011
References
1. World Health Organization: Global strategy on diet, physical activity and
health. World Health Organization (WHO); 2004.
2. Dollman J, Norton K, Norton L: Evidence for secular trends in children’s
physical activity behaviour. Br J Sports Med 2005, 39(12):892-897.
3. Magnusson KTAS, Sveinsson S, Johannsson E: Líkamshreyfing 9 og 15 ára
íslenskra barna í ljósi lýðheilsumarkmiða. Laeknabladid 2011.
4. Johannsson E, Arngrimsson SA, Thorsdottir I, Sveinsson T: Tracking of
overweight from early childhood to adolescence in cohorts born 1988
and 1994: overweight in a high birth weight population. Int J Obes
(Lond) 2006, 30(8):1265-1271.
5. Kann L, Brener ND, Allensworth DD: Health education: results from the
School Health Policies and Programs Study 2000. J Sch Health 2001,
71(7):266-278.
6. Fitzgibbon ML, Stolley MR, Schiffer L, Van Horn L, KauferChristoffel K,
Dyer A: Two-year follow-up results for Hip-Hop to Health Jr.: a
randomized controlled trial for overweight prevention in preschool
minority children. J Pediatr 2005, 146(5):618-625.
7. Dobbins M, De Corby K, Robeson P, Husson H, Tirilis D: School-based
physical activity programs for promoting physical activity and fitness in
children and adolescents aged 6-18. Cochrane Database Syst Rev 2009, , 1:
CD007651.
8. van Sluijs EM, McMinn AM, Griffin SJ: Effectiveness of interventions to
promote physical activity in children and adolescents: systematic review
of controlled trials. Bmj 2007, 335(7622):703.
9. Taber DR, Stevens J, Murray DM, Elder JP, Webber LS, Jobe JB, Lytle LA: The
effect of a physical activity intervention on bias in self-reported activity.
Ann Epidemiol 2009, 19(5):316-322.
10. Reilly JJ, Kelly L, Montgomery C, Williamson A, Fisher A, McColl JH, Lo
Conte R, Paton JY, Grant S: Physical activity to prevent obesity in young
children: cluster randomised controlled trial. Bmj 2006, 333(7577):1041.
11. Caballero B, Clay T, Davis SM, Ethelbah B, Rock BH, Lohman T, Norman J,
Story M, Stone EJ, Stephenson L, et al: Pathways: a school-based,
randomized controlled trial for the prevention of obesity in American
Indian schoolchildren. Am J Clin Nutr 2003, 78(5):1030-1038.
12. Haerens L, De Bourdeaudhuij I, Maes L, Cardon G, Deforche B: School-
based randomized controlled trial of a physical activity intervention
among adolescents. J Adolesc Health 2007, 40(3):258-265.
13. Webber LS, Catellier DJ, Lytle LA, Murray DM, Pratt CA, Young DR, Elder JP,
Lohman TG, Stevens J, Jobe JB, et al: Promoting physical activity in
middle school girls: Trial of Activity for Adolescent Girls. Am J Prev Med
2008, 34(3):173-184.
14. Gorely T, Nevill ME, Morris JG, Stensel DJ, Nevill A: Effect of a school-based
intervention to promote healthy lifestyles in 7-11 year old children. Int J
Behav Nutr Phys Act 2009, 6:5.
15. Kriemler S, Zahner L, Schindler C, Meyer U, Hartmann T, Hebestreit H,
Brunner-La Rocca HP, van Mechelen W, Puder JJ: Effect of school based
physical activity programme (KISS) on fitness and adiposity in primary
schoolchildren: cluster randomised controlled trial. Bmj 2010, 340:c785.
16. Bandura A: Social foundations of thought and action : a social cognitive
theory. Englewood Cliffs, N.J.: Prentice-Hall; 1986.
17. Ward DS, Saunders RP, Pate RR: Physical activity interventions in children
and adolescents. Champaign, IL: Human Kinetics; 2007.
18. Iceland Public Health Institute: Physical activity guidelines for the general
public.Edited by: G G. Reykjavik. Iceland Public Health Institute; 2008:29.
19. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, et al: Evidence based
physical activity for school-age youth. J Pediatr 2005, 146(6):732-737.
20. Hord SM, Southwest Educational Development Laboratory: Professional
learning communities: Communities of continuous inquiry and
improvement. Austin, TX: Southwest Educational Development Laboratory;
1997.
21. Freedson P, Pober D, Janz KF: Calibration of accelerometer output for
children. Med Sci Sport Exer 2005, 37(11):S523-S530.
22. Treuth MS, Schmitz K, Catellier DJ, McMurray RG, Murray DM, Almeida MJ,
Going S, Norman JE, Pate R: Defining accelerometer thresholds for
activity intensities in adolescent girls. Med Sci Sports Exerc 2004,
36(7):1259-1266.
23. Puyau MR, Adolph AL, Vohra FA, Butte NF: Validation and calibration of
physical activity monitors in children. Obes Res 2002, 10(3):150-157.
24. Guinhouya CB, Lemdani M, Vilhelm C, Durocher A, Hubert H: Actigraph-
defined moderate-to-vigorous physical activity cut-off points among
children: statistical and biobehavioural relevance. Acta Paediatr 2009,
98(4):708-714.
25. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG: Calibration of two
objective measures of physical activity for children. J Sport Sci 2008,
26(14):1557-1565.
26. Ekelund U, Sardinha LB, Anderssen SA, Harro M, Franks PW, Brage S,
Cooper AR, Andersen LB, Riddoch C, Froberg K: Associations between
objectively assessed physical activity and indicators of body fatness in
9- to 10-y-old European children: a population-based study from 4
distinct regions in Europe (the European Youth Heart Study). Am J Clin
Nutr 2004, 80(3):584-590.
27. Kolle E, Steene-Johannessen J, Andersen LB, Anderssen SA: Objectively
assessed physical activity and aerobic fitness in a population-based
sample of Norwegian 9- and 15-year-olds. Scand J Med Sci Sports 2010,
20(1):e41-47.
28. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA: Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc
2011, 43(7):1360-1368.
29. Gelman A, Hill J: Data analysis using regression and multilevel/
hierarchical models. Cambridge; New York: Cambridge University Press;
2007.
30. Chinapaw MJ, Mokkink LB, van Poppel MN, van Mechelen W, Terwee CB:
Physical activity questionnaires for youth: a systematic review of
measurement properties. Sports Med 2010, 40(7):539-563.
31. Sallis JF, McKenzie TL, Conway TL, Elder JP, Prochaska JJ, Brown M,
Zive MM, Marshall SJ, Alcaraz JE: Environmental interventions for eating
and physical activity: a randomized controlled trial in middle schools.
Am J Prev Med 2003, 24(3):209-217.
32. DiLorenzo TM, Stucky-Ropp RC, Vander Wal JS, Gotham HJ: Determinants
of exercise among children. II. A longitudinal analysis. Prev Med 1998,
27(3):470-477.
33. Van der Horst K, Paw MJCA, Twisk JWR, Van Mechelen W: A brief review
on correlates of physical activity and sedentariness in youth. Med Sci
Sport Exer 2007, 39(8):1241-1250.
34. Uijtdewilligen L, Nauta J, Singh AS, van Mechelen W, Twisk JW, van der
Horst K, Chinapaw MJ: Determinants of physical activity and sedentary
behaviour in young people: a review and quality synthesis of
prospective studies. Br J Sports Med 2011, 45(11):896-905.
Magnusson et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:138
http://www.ijbnpa.org/content/8/1/138
Page 12 of 1335. Riddoch CJ, Bo Andersen L, Wedderkopp N, Harro M, Klasson-Heggebo L,
Sardinha LB, Cooper AR, Ekelund U: Physical activity levels and patterns of
9- and 15-yr-old European children. Med Sci Sports Exerc 2004, 36(1):86-92.
36. Wittmeier KD, Mollard RC, Kriellaars DJ: Objective assessment of childhood
adherence to Canadian physical activity guidelines in relation to body
composition. Appl Physiol Nutr Metab 2007, 32(2):217-224.
37. Butte NF, Puyau MR, Adolph AL, Vohra FA, Zakeri I: Physical activity in
nonoverweight and overweight Hispanic children and adolescents. Med
Sci Sports Exerc 2007, 39(8):1257-1266.
38. Yan AF, Voorhees CC, Clifton K, Burnier C: “Do you see what I see?” -
correlates of multidimensional measures of neighborhood types and
perceived physical activity-related neighborhood barriers and facilitators
for urban youth. Prev Med 50(Suppl 1):S18-23.
39. Edwardson CL, Gorely T: Epoch length and its effect on physical activity
intensity. Med Sci Sports Exerc 2010, 42(5):928-934.
doi:10.1186/1479-5868-8-138
Cite this article as: Magnusson et al.: Assessment of a two-year school-
based physical activity intervention among 7-9-year-old children.
International Journal of Behavioral Nutrition and Physical Activity 2011 8:138.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Magnusson et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:138
http://www.ijbnpa.org/content/8/1/138
Page 13 of 13